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ABSTRACT 



A liquid crystal display including row conductors and 
column conductors divided into odd conductor groups 
and even conductor groups. Each of the groups in* 
eludes two or more adjacent conductors. A plurality of 
adjacent subpixels in a row direction and in a column 
direction form a single pixel. The adjacent subpixels in 
the single pixel are divided into a first subpixel group 
including adjacent subpixels arranged in the column 
direction and a second subpixel group including adja- 
cent subpixels arranged in the column direction. The 
first subpixel group is connected to a first conductor of 
an odd conductor group and the second subpixel group 
is connected to a second conductor of the odd conduc- 
tor group. An adjacent pixel in the row direction has a 
first subpixel group connected to one conductor of an 
even conductor group and a second subpixel group 
connected to a second conductor of the even conductor 
group. A row driver sequentially supplies row signals to 
the row conductor and column drivers connected to the 
column conductors supply data signals of one polarity 
to the odd conductor groups and data signals of an 
opposite polarity to the even conductor groups, and 
alternately change the polarity of data signals applied to 
the odd conductor groups and the even conductor 
groups every two or more rows in the column direction 
between one polarity and the opposite polarity. 

16 Claims, 3 Drawing Sheets 
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REDUCED FLICKER LIQUID CRYSTAL DISPLAY 

This application is a continuation of application Scr. 
No. 08/148,018 filed on Nov. 4, 1993, now abandoned, 5 
which is a continuation of Ser. No. 07/727,201 filed Jul. 
9, 1991, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to active matrix type liquid 10 
crystal displays using thin film transistors (TFT) as 
switching elements. More particularly, it is related to 
reducing flicker in such liquid crystal displays. 

BACKGROUND ART 

In a conventional liquid crystal display using an ac- 
tive matrix type liquid crystal panel, alternating current 
drive is applied to liquid crystal elements by inverting 
the polarity of the data signals to prevent the liquid 
crystal elements from being degraded. 20 

FIG. 1 is a schematic diagram of a conventional 
liquid crystal display as described above. In the figure, 
a gate driver 1 is connected to n row conductors Gl to 
Gn to which scanning signals are sequentially applied. 
A first data driver 2 is connected to odd column con- 25 
ductors Dl to Dm— 1 to which first data signals are 
applied. A second data driver 3 is connected to even 
column conductors D2 t o Dm to which second data 
signals are applied. TFTs 4a, 4 & 4c, and 4d are pro- 
vided at the respective intersections of the row conduc- 30 
tors and the column conductors, with each one of their 
gate electrodes being connected to a corresponding one 
of the row conductors, each one of their drain elec- 
trodes being connected to a corresponding one of the 
data signal lines, and their respective source electrodes 35 
being connected to subpixels 5a, 5b, Sc, and Sd as de- 
scribed below. Subpixels So, 5b, 5c, and Sd, each of 
which is a liquid crystal cell, are driven by the TFTs 
4^ 4b, 4c, and 44 respectively. 

For area gradation of these subpixels (Le. to display 40 
grey scale) a single pixel is comprised of the four adja- 
cent subpixels 5a, 5b, 5c, and Sd which may also be 
vertically or horizontally arranged. In this case, prede- 
termined levels of gradation over a range of grey scale 
can be displayed by selecting properly the ratio of the 45 
sizes or areas of the subpixels Sa, 5b, Sc, and Sd. 

The conventional method for driving the subpixels of 
FIG. 1 is as follows. First, gate signals are sequentially 
applied to the gate electrodes of the TFTs 4a, 4b and . 
4c, 4d (connected to their respective row conductors), 50 
by the gate driver 1 in response to control signals from 
a controller (not shown). TFTs 4a, 4b and 4c, 4d are 
sequentially turned on. A first data signal and a second 
data signal are applied to each column conductor simul- 
taneously with these gate signals, from the first date 55 
driver 2 and the second data driver 3. The first and the 
second data signals may have the same polarity or oppo- 
site polarity and, are inverted every frame. 

When the first and the second data signals are signals 
of the same polarity, the polarity of signal applied to all 60 
subpixels on the entire display screen is simultaneously 
inverted every frame. 

However, when the first and the second data signals 
are signals of opposite polarity, subpixels on the entire 
display screen are inverted and driven by signals of 65 
opposite polarity in the row direction. 

In the conventional liquid crystal display as described 
above, data signals having the same phase are inverted 



,747 

every frame and are applied to each odd data signal line 
and each even data signal line respectively. Noticeable 
flicker is present because the entire display screen is 
driven by alternating current which is inverted in polar- 
ity every frame. 

It will be appreciated that when data signals having 
opposite phase, which are inverted every frame, are 
applied to each odd data signal line and each even data 
signal line, respectively, noticeable flicker on the screen 
is present to almost the same degree as in the case where 
data signals with the same phase are applied, as de- 
scribed above. This is because the entire display screen 
is driven by alternating current which is changed in 
polarity every sub pixel in the row direction. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a liquid 
crystal display on which 16 levels of gray scale can be 
displayed without noticeable flicker 

It is another object of the invention to provide a 
liquid crystal display having reduced flicker and low 
power consumption. 

In accordance with the invention, a liquid crystal 
display comprises a plurality of row conductors, a plu- 
rality of column conductors, a plurality of subpixels 
arranged in a matrix, and means for alternately applying 
first and second data signals to said column conductors 
every two column conductors; said subpixels in the 
same row being connected to the same row conductor, 
one column of adjacent subpixels of each pixel in the 
column direction being alternately connected, every 
two row conductors, to a conductor to which said first 
data signal is supplied and to a conductor to which said 
second data signal is supplied, the other column of adja- 
cent subpixels of said each pixel in the column direction 
being alternately connected, every two column conduc- 
tors, to said conductor to which said first data signal is 
supplied and to said conductor to which said second 
data signal is supplied. 

A liquid crystal display in accordance with the inven- 
tion may also comprise a plurality of row conductors, a 
plurality of column conductors, a plurality of subpixels 
arranged in a matrix, and means for applying alternately 
first and second data signals to said column conductors 
every two column conductors, said subpixels in the 
same row being connected to the same row conductor, 
the polarity of said first and said second data signals 
being alternately inverted every two row conductors. 

According to the invention, a first data signal of one 
polarity and a second data signal of the opposite polar- 
ity are applied and tile polarity of the first and second 
data signals is inverted at a repetition interval which is 
substantially the same as a frame interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a conventional liq- 
uid crystal panel. 

FIG. 2 is a schematic diagram of a liquid crystal panel 
in accordance with a first embodiment of the invention. 

FIG. 3 is a schematic diagram of a liquid crystal panel 
in accordance with a second embodiment of the inven- 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 2 schematically illustrates a first embodiment of 
an 8 X 8 matrix type liquid crystal panel of a liquid crys- 
tal display according to the invention. In the figure, a 
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gate driver 1 is connected to row conductors Gl to G8 column conductors connected to a first data driver 2 
and sequentially outputs scanning signals to the row and column conductors connected to a second data 
conductors Gl to G8. Column conductors Dl to DS are driver 3. Also, adjacent subpixels 5a and 5c, and 5b and 
alternately connected to a first data driver 2 and a sec- 5d in the column direction are alternately connected, 
ond data driver 3. The first data driver 2 and the second 5 every two row conductors, to the column conductors 
data driver 3 output a first data signal of one polarity associated with the first data driver 2 and the column 
and a second data signal of the opposite polarity, re- conductors associated with the second data driver 3, 
spectiveTy. The gate electrodes of TFTs 4a and 4* and respectively. For convenience of description, pixel 612 
TFTs 4c and 4d (and those having corresponding posi- is discussed. The gate electrodes of TFTs 4a and 4b and 
tions in other pixels) are connected to row conductors 10 TFTs 4c and 4d are connected to the row conductor 
Gl, G3, G5, and G7 and G2, G4, G6, and G8, respec- Gl and the row conductor G2, respectively. The drain 
tively. The respective source electrodes of the TFTs electrodes of TFTs 4a and 4b are connected to the 
4a, 46, 4c, and 4d are connected to subpixels 5a, 5b, 5c, column conductors D2 and D3 respectively. The drain 
and 5a\ respectively. The drain electrodes of TFTs 4a, electrodes of TFTs 4c and 4d are connected to the 
4b, 4c, and 4d are alternately connected to the first 15 column conductors D2 and D3, respectively. Further, 
group of the column conductors Dl and D2, and D5 the source electrodes of TFTs 4a, 4b, 4c and 4d are 
and D6 which are connected to the first data driver 2. connected to the subpixels So, 5b, 5c; and 54 respec- 
The second group of the column conductors D3 and tively. In the figure, for convenience, the area ratios 
DS, and D7 and D8 are connected to the second data A:B:C:D of subpixels 5a, 5b, 5c and 5a* comprising one 
driver 3. Each of pixels 611, 612 .. . 621, 622 ... is 20 pixel is shown as 1:1:1:1. However, as in the embodi- 
comprised of four adjacent subpixels 5a, 5b, 5cv and 5<£ ment FIG. 2, 16 levels of grey scale can be displayed by 
In the figure, the subpixels 5a, 5b, 5c and 5d are illus- area gradation using ratios of A:B:D= 8:2:4:1. Further, 
trated, for convenience, with their areas being equal the polarities of a first data signal and a second data 
However, if 16 levels of grey scale are to be displayed signal provided by the first data driver 2 and the second 
by area gradation of one pixel based on various combi- 25 data driver 3, respectively are inverted with respect to 
nations of the ON/OFF state of the subpixels 5a, 5b, 5c each other. 

and 5d and the pixels having different area ratios, the The subpixels of the embodiment of FIG. 3 may be 
subpixels 5a, 5b, 5c, and So* may have area ratios of their driven using another method. As described above with 
respective areas A, B, C, and D equal to 8:2:4:1. respect to FIG. 2, a control signal is provided to the 

In practice, control signals are provided to the gate 30 gate driver 1, the first data driver 2, and the second data 
driver 1, the first data driver 2, and the second data driver 3 by a control unit (not shown), to cause these 
driver 3 by a control unit (not shown) to cause these blocks to operate. Gate driver 1 sequentially applies 
blocks to operate. The gate driver 1 sequentially applies scanning signals to the row conductors Gl to G8. When 
scanning or gate signals to the row conductors Gl to the scanning signals are applied, the TFTs 4a, 4b and 
G8. When the scanning signals are applied, the TFTs 35 4c 4d of each pixel 6 are sequentially turned on. 
4a, 46 and 4c 4d of respective pixels are sequentially A first data signal of one polarity from the first driver 
turned on. A first data signal of one polarity from the 2 and a second data signal of the opposite polarity, from 
first data driver 2 and a second data signal of opposite the second data driver 3 are applied, simultaneously 
polarity to that of the first data signal, from the second with the scanning signals, to the first group of the col- 
data driver 3 are applied, simultaneously with the scan* 40 umn conductors Dl and D2, and D5 and D6 and to the 
ning signals, to the first group of the column conductors second group of the column conductors D3 and D4, 
Dl and D2, and D5 and D6 and to the second group of and D7 and D8, respectively. Thus, for example, the 
the column conductors D3 and D4, and D7 and D8, subpixels 5a and 5b of a pixel 612 in the row direction 
respectively, are driven by signals of opposite polarity, and at the 

In this case, the scarming signals from the gate driver 45 same time, the subpixels 5a and 5b of an adjacent pixel 

1 cause the switches (not shown) of the first data driver 613 are driven by signals of opposite polarity in the 

2 and the second data driver 3 to switch, every two row, same manner as in the pixel 612, thus completely remov- 
conductors; that is, each of Gl to G2, G3 to G4, and G5 ing flicker between the adjacent pixels. Other adjacent 
to G6, G7 to G8, and first data signals and second data pixels throughout the display are also driven by signals 
signals applied to the column conductors Dl to D8 to 50 of opposite polarity to completely remove flicker 
be inverted. Thus, adjacent pixels in the row direction throughout the display. Further, subpixels 5a and 5c 
(pixels 611 and 612, pixels 621 and 622) and adjacent which may have the larger subpixel areas in the pixel 
pixels in the column direction (pixels 611 and 621, and unit may be arranged on the upper and lower side, 
pixels 612 and 622) are driven by data signals of oppo- respectively, of the pixel unit in the column direction, 
site polarity. The other adjacent pixels of the display are 55 Thus if the display is operated as set forth above, two 
driven in a similar manner, thus eliminating flicker of adjacent subpixels in the column direction, having the 
the display screen. Since the liquid crystal panel is larger subpixel areas are driven by signals of opposite 
driven by alternating current, the polarity of the first polarity throughout the display. However, two adja- 
data signal and that of the second data signal are in- cent subpixels (5b and 5a*) in the column direction, hav- 
verted every frame. Since adjacent pixels in the row 60 ing the smaller subpixel areas are not driven by signals 
direction and in the column direction are driven by of opposite polarity; that is, they are driven by signals of 
signals of opposite polarity, flicker is removed. the same polarity. Thus, 80% of the total flicker in the 

FIG. 3 illustrates a second embodiment of an 8x8 column direction will be removed. Further, since the 
matrix type liquid crystal panel of a liquid crystal dis- first and the second data drivers are not switched every 
play according to the invention. FIG. 3 is similar to 63 two row conductors, as in FIG. 2 (instead of switching, 
FIG. 1 except that the connection of subpixels is differ- the connection of each subpixel to each column conduc- 
ent Adjacent subpixels 5a and 5ft, and 5c and 5d of the tor is changed), load on the data drivers decreases and 
pixels in the row direction are alternately connected to the pixels can be driven by a circuit of relatively low 
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power consumption. In other words, load on the data 
drivers is reduced and the pixels may be driven by a low 
power consumption circuit because it is the connection 
of the column conductors which is changed to invert 
the polarities of the first and the second data signals 5 
every two row conductors. This is done instead of using 
high speed, high amplitude electric switching. 
What is claimed is: 

1. A liquid crystal display comprising: 

a plurality of row conductors; 10 
a plurality of column conductors divided into odd 
conductor groups and even conductor groups, 
each of said groups including a first column con- 
ductor and a second column conductor; a plurality 
of subpixels each of which is connected to a col- 15 
umn conductor and to a row conductor, a plurality 
of adjacent subpixels in a row direction and in a 
column direction forming a pixel, said adjacent 
subpixels in one pixel being divided into a first 
subpixel group including adjacent subpixels in said 20 
column direction and a second subpixel group in- 
cluding adjacent subpixels in said column direc- 
tion; 

said first column conductor of each of said odd con- 
ductor groups being connected to said second sub- 25 
pixel group of each of the pixels which are odd 
pixels in both row and column direction, and to 
said first subpixel group of each of the pixels which 
are even pixels in the row direction and are odd 
pixels in the column direction, said second column 30 
conductor of each of said odd conductor groups 
being connected to said first subpixel group of each 
of the pixels which are odd pixels in the row direc- 
tion and are even pixels in the column direction, 
and to said second subpixel group of each of the 35 
pixels which are even pixels in the row direction 
and are odd pixels in the column direction; 

said first column conductor of each of said even con- 
ductor groups being connected to said first sub- 
pixel group of each of the pixels which are even 40 
pixels in both row and column direction, and to 
said second subpixel group of each of the pixels 
which are odd pixels in the row direction and are 
even pixels in the column direction, said second 
column conductor of each of said even conductor 45 
groups being connected to said first subpixel group 
of each of the pixels which are odd pixels in both 
row and column direction, and to said second sub- 
pixel group of each of the pixels which are even 
pixels in both row and column direction; and row 50 
driving means for sequentially supplying row sig- 
nals to said row conductors; and column driving 
means connected to said column conductors for 
supplying data signals of one polarity to said odd 
conductor groups and data signals of an opposite 55 
polarity to said even conductor groups and for 
alternately changing said polarity of data signals 
applied to said odd conductor groups and said even 
conductor groups every two rows in said column 
direction between said one polarity and said oppo- 60 
site polarity. 

2. A liquid crystal display according to claim 1 
wherein a pixel includes four subpixels. 

3. A liquid crystal display according to claim 2 
wherein the sizes of said four subpixels are different. 65 

4. A liquid crystal display according to claim 1 
wherein the polarity of said first data signal and that of 
said second data signal is periodically inverted with a 
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repetition interval which is substantially the same as a 
frame interval. 

5. A liquid crystal display according to claim 1 
wherein said subpixel includes a thin film transistor and 
subpixel electrodes to which the thin film transistor is 
connected. 

6. A liquid crystal display according to claim 1 
wherein said single pixel displays a predetermined num- 
ber of gradation levels in accordance with an on/off 
state of each of said subpixels. 

7. A liquid crystal display according to claim I 
wherein subpixels of larger size are arranged as adjacent 
subpixels on a first side of each said pixel in the column 
direction of each said pixel. 

8. A liquid crystal display according to claim 7 
wherein subpixels of smaller size are arranged as adja- 
cent subpixels on a second side opposite said first side in 
the column direction of each said pixel. 

9. A liquid crystal display comprising: 
a plurality of row conductors; 

a plurality of column conductors divided into odd 
conductor groups and even conductor groups each 
of said groups including two or more adjacent 
conductors; 

a plurality of subpixels each of which is connected to 
a column conductor and to a row conductor, a 
plurality of adjacent subpixels in a row direction 
and in a column direction forming a single pixel, 
said adjacent subpixels in said single pixel being 
divided into a first subpixel group including adja- 
cent subpixels arranged in said column direction 
and a second subpixel group including adjacent 
subpixels arranged in said column direction, said 
first subpixel group being connected to a first con- 
ductor of an odd conductor group and said second 
subpixel group being connected to a second con- 
ductor of said odd conductor group and an adja- 
cent pixel in the row direction having a first sub- 
pixel group connected to one conductor of an even 
conductor group and a second subpixel group con- 
nected to a second conductor of said even conduc- 
tor group; and 

row driving means for subsequently supplying row 
signals to said row conductors; and column driving 
means connected to said column conductors for 
supplying data signals of one polarity to said odd 
conductor groups and data signals of an opposite 
polarity to said even conductor groups, and for 
alternately changing said polarity of data signals 
applied to said odd conductor groups and said even 
conductor groups every two or more rows in said 
column direction between said one polarity and 
said opposite polarity. 

10. A liquid crystal display according to claim 9 
wherein a pixel includes four subpixels. 

11. A liquid crystal display according to claim 10 
wherein the sizes of said four subpixels are different. 

12. A liquid crystal display according to claim 9 
wherein the polarity of said first data signal and that of 
said second data signal is periodically inverted with a 
repetition interval which is substantially the same as in 
a frame interval. 

13. A liquid crystal display according to claim 9 
wherein said subpixel includes a thin film transistor and 
subpixel electrodes to which the thin film transistor is 
connected. 

14. A liquid crystal display according to claim 9 
wherein said single pixel displays a predetermined nura- 
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subpixels on a first side of each said pixel in the column 
ber of gradation levels accordance with an on/off state direction of each said pixel. 

of each of said subpixels. 16 ' * ^ crystal dis P la y according to claim 15 

wherein subpixels of a smaller size are arranged as adja- 
15. A liquid crystal display according to claim 9 5 cent subpixels on a second side opposite said first side in 

the column direction of each said pixel 

wherein subpixels of larger size are arranged to adjacent * * * * * 

10 
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